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(54) Redox reactions for anatyte determination using tetrazoiium compounds 



(57) A highly reliable method of measuring an ana- 
lyte in a sample using a redox reaction. In this method, 
a tetrazoiium compound is added to a sample prior to 
the redox reaction so as to eliminate the influence of any 
reducing substance in the sample, then a reducing sub- 
stance or an oxidizing substance derived from the ana- 



lyte is formed, the quantity of the formed substance de- 
rived from the analyte is measured by the redox reac- 
tion, and the quantity of the analyte is determined from 
the quantity of the formed substance derived from the 
analyte. As the tetrazoiium compound, for example, 2- 
(4-iodoph8nyl)-3-(2,4-dinitrophenyl)-5-(2,4-disulfophe- 
nyl)-2H-tetrazolium salt can be used. 
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Description 

[0001] The present invention relates to a methtcd of measuring an analyte in a sample using a redox reaction. 
[0002] Traditionally, measurement of the quantity of an analyte in a sample using a redox reaction has been utilized 
s in a wide range of applications. For example, such a measurement has been utilized for measuring glycated proteins 
in applications such as bioche'mlcal analyses, clinical tests, and the like. 

[0003] For instance, glycated proteins In blood, particularly glycated hemoglobin (l-ibAlc) In erythrocytes, are signif- 
icant indicators in the diagnosis and therapy of diabetes, because they reflect the patient's past history of blood sugar 
value. Glycated proteins in erythrocytes are measured using a redox reaction, for example, as follows: 

10 [0004] First, erythrocytes are hemolyzed to prepare a sample. The hemolyzed sample is treated with a suitable 
protease or the Wka, and then treated with f ructosyl amino acid oxidase (hereinafter referred to as FAOD) so as to form 
hydrogen peroxide. The quantity of the hydrogen peroxide formed corresponds 1o the quantity of glycated proteins in 
erythrocytes. Then, a peroxidase {hereinafter referred to as POD) and a reducing agent are added to the sample, so 
that a redox reaction occurs between the hydrogen peroxide and the reducing agent with the POD as a catalyst. At 

IS this time, when a reducing agent that develops color when it is oxidized is used, the quantity of the hydrogen peroxide 
can be detenmined by measuring the color. As a result, the quantity of the glycated proteins in erythrocytes can be 
determined. 

[0005] However, various kinds of reducing substances, such as L-ascorbic acid (AsA) and bilirubin, are usually 
present in blood. Moreover, various types of reducing substances such as glutathione (GSH) and the lil<e are present 

20 in erythrocytes. These reducing substances may reduce the hydrogen peroxide, or may inhibit the redox reaction, or 
may reduce the reducing agent after it develops color, so as to cause degradation of the color. Therefore, there has 
been a problem that it is difficult to determine the quantity of the glycated proteins in erythrocytes accurately 
[0006] There has been also another problem, that precision of the measurement may deteriorate because the con- 
centrations of the reducing substances contained in samples are not constant. 

25 [0007] In order to avoid these problems, for example, various types of oxidizing agents have been added to samples. 
For example, Publicatbn of Unexamined Japanese Patent Application No. Sho 56-1 51 358 discloses a method of using 
halogen oxides, such as iodic acid or periodic acid, as oxidizing agents. Publications of Unexamied Japanese Patent 
Applications No Sho 57-13357, No. Sho 57-161650, No. Sho 59-193354, No. Sho 62-169053, and No. Hei 3-30697 
also disclose methods of using complexes of metals such as cobalt, iron, cerium, etc. as oxidizing agents. 

30 [0008] However, the effect of the reducing substances on the measurements can not be avoided sufficiently even 
with the use of these oxidizing agents. In particular, these oxidizing agents performed poorly when the analyte was a 
component in erythrocytes. 

[0009] Accordingly, it is an object of the present invention to provide a highly reliable method of measuring an analyte 
In a sample using a redox reaction. 

35 [0010] In order to accomplish this object, the present invention provides a method of measuring an analyte in a 
sample using a redox reaction, comprising: adding a tetrazolium compound prior to the redox reaction to a sample so 
as to eliminate the influence of any reducing substance contained in the sample; then forming a reducing substance 
or an oxidizing substance derived from the analyte; measuring the quantity of the formed substance derived from the 
analyte by the redox reaction; and determining the quantity of the analyte from the quantity of the formed substance. 

40 The tetrazolium compound herein refers to a compound having a tetrazole ring. 

[001 1 ] - As a result of extensive studies7the inventors found that the cause of the problems in the conventional methods- 
was not that the influence of the low molecular weight reducing substances such as the above-mentioned GSH and 
AsA were not eliminated, but that the influence of high molecular weight reducing substances such as proteins or the 
like were not eliminated. The inventors also found that, not only the influence of the low molecular weight reducing 

45 substances, but also influence of other reducing substances can be eliminated by the use of the tetrazolium compound, 
and thus have reached the method of the present invention. According to the method of the present invention, the 
quantity of the analyte can be determined with greater reliability Thus, it is used suitably for various kinds of tests, e. 
g. in clinical medicine. 

[0012] In the method of the present invention, it is preferable that the tetrazolium compound has cyclic substituted 
so groups in at least two positions of its tetrazole ring. More preferably, it has cyclic substituted groups at three positions 
thereof. 

[001 3] When the tetrazolium compound has cyclic substituted groups in at least two positions of its tetrazole ring as 
mentioned above, it is preferable that the substituted groups are at positions 2 and 3 thereof. Moreover, when the 
tetrazolium compound has cyclic substituted groups at three positions of its tetrazole ring, it is preferable that the 
ss substituted groups are at positions 2, 3, and 5 thereof. 

[0014] In the method of the present invention, it is preferable that at least two of the cyclic substituted groups have 
benzene rings. Moreover, cyclic substituted groups other than those having benzene rings include, for example, sub- 
stituted groups containing S or O in their ring skeletons and having resonance structures, such as thienyl and thiazolyl 
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groups, and the like. 

[0015] In the method of the present invention, it is preferable that the tetrazolium connpound has cyclic substituted 
groups in at least three positions of its tetrazole ring, and that at least two of the cyclic substituted groups have benzene 
rings. 

s [0016] In the method of the present invention, it is preferable that at least one of the cyclic substituted groups has 
functional groups. It is more preferable that the number of the functional groups is large. 

[0017] Preferable examples of the functional groups are electron attractive functional groups, e.g. halogen atoms or 
ether, ester, carboxyl, acyl, nitroso, nitro, hydroxyl or sulfo groups, and the like. Examples other than these functional 
groups are groups containing oxygen, such as hydroperoxy, oxy, epoxy, epidioxy, and oxo groups, and groups con- 
to taining sulfur, such as mercapto, alkylthio, methyllhiomethyl, thioxo, sulfino, benzenesulfonyl, phenylsulfonyl, p-tolue- 
nesulfonyl, p-tolylsulfonyl, tosyl, sutfamoyi, and isothiocyanato groups. Among the electron attractive functional groups, 
preferable are halogen atoms and nitro, sulfo, carboxyl, hydroxyl, methoxy, and ethoxy groups. Furthermore, examples 
other than the above-mentioned electron attractive functional groups include unsaturated hydrocarbon groups, such 
as phenyl group (CgHs-), styryl group (CgHsCH^CH-), and the like. Moreover, the functional groups may be ionized by 
IS dissociation. 

[0018] In the method of the present invention, it is preferable that the tetrazolium compound has benzene rings at 
positions 2 and 3 of its tetrazole ring, and that at least one of the benzene rings has at least one functional group 
selected from the group consisting of halogen atoms and carboxyl, nitro, hydroxyl, sulfo, methoxy. and ethoxy groups. 
Moreover, both of the benzene rings may have such functional groups. The benzene ring may have the functional 
20 groups at any position (i.e. ortho-, meta-, or para-). Furthermore, the number of the functional groups is not particularly 
limited, and the benzene ring may have either the same or different functional groups. 

[0019] In the method of the present invention, examples of the tetrazolium compound tncludethose having substituted 
groups with benzene rings at positions 2, 3 and 5 of their tetrazole rings, e.g. 2-(4-iodophenyl)-3-(4-nitrophenyl)-5- 
(2,4-disulfophenyl)-2H-tetrazolium salt, 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra20lium 

25 salt, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-{2,4-disulfopheny!)-2H-tetrazolium salt, 2-(4-iodophenyl)-3-(4-ni- 
trophenyl)-5-phenyl-2H-tetrazolium salt, 3,3'-(1 ,1'-biphenyl-4,4'-diyl)-bis(2,5-diphenyl)-2H-tetrazolium salt, 3,3'-[3.3'- 
dimethoxy-(1,1'-biphenyl)-4,4'-diyl]-bis[2-(4-nitropenyl)-5-phenyl-2H-tetrazoliumsalt], 2,3-diphenyl-5-(4-chlorophenyl) 
tetrazolium salt, 2,5-diphenyl-3-(p-diphenyl)tetrazolium salt, 2,3-diphenyl-5-(p-diphenyl)tetrazolium salt, 2,5-diphenyi- 
3-(4-styrylphenyl)tetrazolium salt, 2,5-diphenyl-3-(m-tolyl)tetrazolium salt, and 2,5-diphenyl-3-(p-tolyl)tetrazoiium salt, 

30 and the like. 

[0020] Furthermore, the tetrazolium compound is not limited to the above-mentioned compounds, and other com- 
pounds having cyclic substituted groups with benzene rings at two positions of their tetrazole rings and other cyclic 
substituted group at one position thereof also can be used. Examples of such compounds include 2,3-diphenyt-5- 
(2-thienyl)tetrazolium salt, 2-benzothiazoyl-3-(4-carboxy-2-methoxyphenyl)-5-[4-(2-sulfoethyl carbamoyl)phenyl]-2H- 

35 tetrazolium salt, 2,2"-dibenzothiazolyl-5,5'-bis[4-di(2-sultoethyl)carbamoylphenyl] -3,3'-(3,3'-dimethoxy-4,4'-biphe- 
nylene)ditetrazolium salt, 3-(4,5-dimethyl-2-thiazoyl)-2,5-dipheny!-2H-tetrazolium salt, and the like. 
[0021] Furthermore, tetrazolium compounds having substituted groups with benzene rings at two positions of their 
tetrazole rings and a non-cyclic substituted group at one position thereof also can be used. Examples of such com- 
pounds include 2,3-diphenyl-5-cyanotetrazolium salt, 2,3-diphenyl-5-carboxytetrazolium salt, 2,3-diphenyl-5-methyl- 

40 tetrazolium salt, and 2,3-diphenyl-5-ethyltetrazolium salt, and the like. 

[0022] Among the above-mentioned tetrazolium compounds, preferable are those having three cyclic substituted 
groups as mentioned above, and more preferable are those having three cyclic substituted groups with benzene rings 
and having many electron attractive functional groups. Particularly preferable is 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)- 
5-(2,4-disulfophenyl)-2H-tetrazolium salt. Moreover, these tetrazolium compounds may be, for example, in the forms 

45 of salts, or may be in ionized forms. 

[0023] In the method of the present invention, the amount of the tetrazolium compound added is not particularly 
limited, and it can be determined as appropriate depending on the type of the sample and the amount of the reducing 
substance. Specifically, it is preferable that the tetrazolium compound is added so that its concentration falls in the 
range of 0.001 to 100 nmol, more preferably from 0.005 to 10 jimol, particularly preferably from 0.01 to 1 p,mol per 1 

so ni of the sanple. 

[0024] In the method of the present invention, when the sample is whole blood, it is preferable that the tetrazolium 
compound is added in an amount such that its concentration falls in the range of 0.001 to 10 ^mol per 1 nl of whole 
blood. More preferably it is in the range of 0.005 to 5 jimol, particularly preferably from 0.01 to 1 jimol per 1 fxl of whole 
blood. Specifically, when the tetrazolium compound is 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disulfophenyl)-2H- 
55 tetrazolium salt, it is preferably added in an amount such that its concentration falls in the range of 0.001 to 0.4 (imol 
per 1 pi of whole blood. More preferably it is in the range of 0.005 to 0. 1 p.moI, particularly preferably from 0.01 to 0.07 
^mol per 1 ix\ of whole blood. 

[0025] In the method of the present invention, it is preferable that the oxidizing substance derived from the analyte 
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is hydrogen peroxide, and that the quantity of the hydrogen peroxide is measured by the redox reaction. 
[0026] It is preferable that the quantity of the hydrogen peroxide is measured using a substrate that develops color 
by oxidation with an oxidizing enzyme (hereinafter referred to as a color-developing substrate). 
[0027] Although not particularly limiting, it is preferable that, for example, N-(cart)oxymethylaminocarbonyl)-4,4'-bis 
s (dimethylamino)diphenylamlne sodium is used as the color-developing substrate, because this can be detected with 
high sensitivity. Furthermore, it is preferable that the oxidizing enzyme is a peroxidase. 

[0028] In the method of the present invention, the type of the sample is not particularly limited. The method also can 
be applied to samples other than whole blood, plasma, serum, and blood cells, e.g. biological samples such as urine 
and spinal fluid, drinks such as juices, foods such as soy sauce and Worcester sauce. 

10 [0029] In the method of the present invention, the analyte may be, for example, components in whole blood, com- 
ponents in erythrocytes, components in plasma, components in serum, components in urine, components in spinal 
fluid, and the like, and it is preferably a component in erythrocytes. The component in erythrocytes may be, for example, 
glycated protein such as glycated hemoglobin and glycated albumin, glycated peptide, glycated amino acid, glucose, 
uric acid, cholesterol, creatinine, sarcosine, glycerol, and the like, particularly glycated protein. For example, when a 

IS component in erythrocytes is to be measured, whole blood itself may be hemoiyzed to prepare a sample, or erythrocytes 
are separated from vthole blood and hemoiyzed to prepare a sample. 

[0030] In the method of the present invention, it is preferable that hydrogen peroxide is formed by decomposing 
sugar portions of glycated proteins by oxidation with FAOD. Furthermore, it is preferable that glycated peptides and 
glycated amino acids also are subjected to the action of FAOD. Moreover, it is preferable that glycated proteins and 
20 glycated peptides are treated with a protease before its treatment with FAOD as necessary. 

[0031] It is preferable that the FAOD catalyzes a reaction represented by a formula (1 ) below. 

-CO-CHg-NH-R^+HgO+Og 

^ R^ -CO-CHO+NHg-R^+HgOg (1) 

[0032] In the formula (1 ) above, R"" denotes a hydroxyl group or a residue derived from the sugar before glycation 
(i.e. a sugar residue). The sugar residue (R^) is an aldose residue when the sugar before glycation is an aldose, and 
30 is a ketose residue when the sugar before glycation is a ketose. For example, when the sugar before glycation is 
glucose, it takes a fructose structure after glycation by an Amadori rearrangement. In this case, the sugar residue (Ri) 
becomes a glucose residue (an aldose residue). The sugar residue (R"") can be represented, for example, by 

35 -[CH(0H)]„-CH20H 

where n is an integer of 0 to 6. 
[0033] In the formula (1) above, although the type of R^ Is not particularly limited, when it is a glycated amino acid, 
glycated peptide, or glycated protein, there is a difference between the case of a-amino group being glycated and the 
40 case of other amino group being glycated. 

[0034] — In the formula (l )-aboverwhen an a=amino group is glycatedrR^ is-an amino acid residue or a peptide residue 

represented by a formula (2) below. 

45 -CHR^-CO-R'* (2) 

[0035] In the formula (2) above, R3 indicates an amino acid side chain group. Furthermore. R* denotes a hydroxyl 
group, an amino acid residue, or a peptide residue, and can be represented, for example, by a formula (3) beksw. In 
the formula (3) below, n Is an integer of not less than zero, and R^ denotes an amino acid side chain group as in the 
above. 

-(NH-CHR^-CO)„-OH (3) 

^ [0036] Furthermore, in the formula (1 ) above, when an amino group other than a-amino group is glycated (i.e. when 
an amino acid side chain group is glycated), R2 can be represented by a formula (4) below. 
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R' 
I 

c = o 

I 

- - CH 
I 

NH (4) 
I 

R" 

[0037] In the formula (4) above, indicates the portion of the amino acid side chain group other than the glycated 
amino group. For example, when the glycated amino acid is lysine, is 

-CHg-CHg'CHg-CHg-. 

For another example, when the glycated amino acid is arginine, RS is 

-CH2-CH2-CH2-NH-CH(NH2)-. 

[0038] Furthermore, in the formula (4) above, R^ denotes hydrogen, an amino acid residue, or a peptide residue. It 
can be represented, for example, by a formula (5) below. Moreover, in the formula (5) below, n is ari integer of not less 
than zero, and R^ denotes an amino acid side chain group as in the above. 

- (CO-CHR^-NH)„-H (5) 

[0039] Furthermore, in the formula (4) above, denotes hydroxyl group, an amino acid residue, or a peptide residue. 
It can be represented, for example, by a formula (6) below. Moreover, in the formula (6) below, n is an integer of not 
less than zero, and denotes an amino acid side chain group as in the above. 

-(NH-CHR^-CO)„-OH (6) 

[0040] In the method of the present invention, although it is not particularly limiting, the molecular weight of the 
reducing substance in the sample is, for example, at least 1 0,000, preferably from 1 0,000 to 3,000,000, more preferably 
from 10,000 to 300,000, particularly preferably from 30,000 to 100,000. 

[0041] Furthermore, it is preferable that the reducing substance in the sample is a protein. The molecular weight of 
the protein is, for example, at least 3,000, preferably from 3,000 to 3.000,000, more preferably from 10,000 to 300,000, 
particularly preferably from 30,000 to 100,000. Examples of such a reducing substance include hemoglobin, globin, 
globulin, albumin, and the like, preferably hemoglobin. 

[0042] The methods of the present invention are described in detail below with reference to the following examples, 
in which glycated proteins in blood cells are measured. 

[0043] First, whole blood itself is hemolyzed, or a blood cell fraction is separated from whole blood by a conventional 
method such as centrifugation and hemolyzed, so as to prepare a hemolyzed sample. The method of the hemolysis 
is not particularly limited, and for example, methods of using a surfactant, ultrasonic waves, osmotic pressure difference, 
etc. can be employed. Among these methods, it is preferable to employ a method using a surfactant because of its 
simplicity in operation, etc. 

[0044] As the surfactant, for example, non-ionic surfactants such as polyoxyethylene-p-t-octylphenyl ether (e.g. Tri- 
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ton series surfactants), polyoxyethylene sorbitan alkyi ester (e.g. Tween series surfactants), polyoxyethylene alkyi 
ether (e.g. Brij series surfactants), and the like can be used. Specific examples are Triton X-100, Tween-20, Brij 35, 
and the like. The conditions of the treatment with the surfactant is usually as follows: when the concentration of blood 
cells in the treating solutk>n is from 1 to 1 0 % by volume, the surfactant is added so that its concentration in the treating 
s solution falls in the range of 0.01 to 5 % by weight, and stirred at room temperature for about several seconds (about 
5 seconds) to 10 minutes. 

[0045] Next, the tetrazolium compound having a tetrazole ring is added to the hemotyzed sample to carry out pre- 
treatment of the sample. 

[0046] For example, when the concentration of blood cells in the pretreatment solution is from 1 to 10 % by volume, 
10 it is preferable that the tetrazolium compound is added so that its concentration falls in the range of 0.02 to 2000 mmol/ 
liter, more preferably from 0.1 to 1000 mmol/litsr. particularly preferably from 0.4 to 200 mmol/liter. Specifically, when 
the tetrazolium compound is 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium salt, prefera- 
bly it is added so that its concentration falls in the range of 0.02 to 80 mmol/liter. more preferably from of 0. 1 to 20 
mmol/liter, particularly preferably from 0.2 to 15 mmol/liter. 
IS [0047] The pretreatment is usually carried out in a buffer. For example, CHES. CAPSO, CAPS, phosphate, Tris, 
EPPS, HEPES buffers, and the like, can be used. The pH of the buffer is, for example, in the range of 6 to 1 3, preferably 
from 8 to 12. more preferably from 9 to 11 . Moreover, the final concentration of the buffer in the pretreatment solution 
is, for example, from 1 to 400 mmol/liter, preferably from 10 to 200 mmol/liter 

[0048] The conditions of the pretreatment are not particularly limited, but it is usually carried out at a temperature of 

20 10 to 37 °C for a period of 10 seconds to 60 minutes. 

[0049] Although the tetrazolium compound may be used simply as it is, it is preferably used as a solution in which 
the tetrazolium compound is dissolved in a solvent, in terms of simplicity in operation and efficiency of the treatment. 
The concentration of the solution can be determined as appropriate depending on the type of the tetrazolium compound 
(e.g. molecular weight, etc.), etc. For example, the concentration is in the range of 0.01 to 120 mmol/liter, preferably 

25 from 0.1 to 50 mmol/liter, more preferably from 0.2 to 20 mmol/liter. As the solvent, for example, distilled water, phys- 
iological saline, buffers, or the like can be used. As the buffers, for example, the same buffers as mentioned above 
can be employed. Moreover, the tetrazolium compound may be used either alone or in combination of two or more types. 
[0050] Next, the pretreated hemolyzed sample is treated with a protease. This treatment is performed so that the 
FAOD used in the subsequent treatment may act on the analyte more easily. 

30 [0051] The type of the protease is not particularly limited, and for example, protease K, subtilisin, trypsin, aminopepti- 
dase, and the like can be used. The protease treatment is usually carried out in a buffer, and the conditions of the 
treatment are determined as appropriate depending on the type of the protease used, the type and the concentration 
of the glycated proteins as the analytes, etc. 

[0052] Specifically, when the pretreated hemolyzed sample is treated using protease K, the protease treatment is 
3S usually carried out under the conditions as follows: a concentration of the protease in the reaction solution of 10 to 
30,000 mg/liter; a concentration of blood cells in the reaction solution of 0.05 to 1 5 % by volume; a reaction temperature 
of 15 to 37 "C; a reaction period of 1 minute to 24 hours; and a pH of 6 to 12. Moreover, the type of the buffer is not 
particularly limited, and for example, Tris-HCl buffer, EPPS buffer, PIPES buffer, and the like can be used. 
[0053] Next, a decomposed material obtained by the protease treatment is further treated with the FAOD. The reac- 
40 tion shown by the formula (1) above is catalyzed by this FAOD treatment. 

[0054]— It is preferable that the-FAOD-treatment is carried out in a-buffer as in the above protease-treatmentr-The 

conditions of the FAOD treatment are determined as appropriate depending on the type of the FAOD used, the type 
and the concentration of the glycated proteins as the analytes. etc. 

[0055] Specifically, the conditions are as follows: a concentration of the FAOD in the reaction solution of 50 to 50,000 
45 U/liter; a concentration of blood cells in the reaction solution of 0.01 to 1 % by volume; a reaction temperature of 15 to 
37 °C; a reaction period of 1 to 60 minutes; and a pH of 6 to 9. Moreover, the type of the buffer is not particularly limited, 
and for example, the same buffers as in the protease treatment can be used. 

[0056] Next, the hydrogen peroxide formed in the FAOD treatment is measured by a redox reaction using POD and 
the color-developing substrate. 

50 [0057] Examples of the color-developing substrate include N-(carboxymethylaminocarbonyl)-4,4'-bis(dimethylami- 
no)diphenylamie sodium, orthophenylenediamine (OPD), and a substrate in which trinder's reagent and 4-aminoanti- 
pyrine are combined, and the like. Examples of the trinder's reagent are phenol, phenol derivatives, aniline derivatives, 
naphthol, naphthol derivatives, naphthylamine, naphthylamine derivatives, and the like Moreover, in place of the ami- 
noantipyrine, aminoantipyrine derivatives, vanillin diamine sulfonic acid, methylbenzothiazoiinonehydrazone (MBTH). 

55 sulfonated methylbenzothiazolinonehydrazone (SMBTH), and the like, also can be used. Among these color-develop- 
ing substrates, particularly preferable is N-(carboxymethylaminocarbonyl)-4,4'-bis(dimethylamino)diphenylamine so- 
dium, as mentioned above. 

[0058] The redox reaction is usually carried out in a buffer. The conditions of the reaction are determined as appro- 
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priated depending of the concentration of tlie fiydrogen peroxide formed, etc. The conditions are usually as follows: a 
concentration of the POD in the reaction solution of 10 to 100,000 lU/liter; a concentration of the color-developing 
substrate of 0.005 to 30 mmol/liter; a reaction temperature of 1 5 to 37 "C; a reaction period of 0.1 lo 30 minutes; and 
a pH of 5 to 9. Moreover, the t^e of the buffer is not particularly limited, and for example, the same buffers as in the 
protease treatment and the FAOD treatment can be used. 

[0059] In the redox reaction, for example, when the color-developing substrate is used, the quantity of the hydrogen 
peroxide can be determined by measuring the degree o1 the color developed (i.e. absorbance) in the reaction solution 
with a spectrophotometer. Then, for example, the quantity of the glycated proteins in the sample can be determined 
using the concentration of the hydrogen peroxide and a calibration curve. 

[0060] Moreover, the quantity of the hydrogen peroxide also can be determined by a method other than the above- 
mentioned enzymatic method using POD, for example, by an electrical method. 

[0061] In this method, the pretreatment step with a tetrazolium compound is not particularly limited as long as it is 
carried out before the redox reaction actually occurs as described above. However, because the hydrogen peroxide 
is formed after the FAOD treatment, it is preferable that the pretreatment step is performed before the FAOD treatment. 
Moreover, although each of the treating steps may be carried out separately as described above, some of the treating 
steps also may be performed simultaneously, for example, in the combinations as follows: 

1 : hemolysis treatment + pretreatment 

2: hemolysis treatment + pretreatment + protease treatment 

3: protease treatment + FAOD treatment 

4: FAOD treatment + POD redox treatment 

5: protease treatment + FAOD treatment + POD redox treatment 

[0062] Furthermore, the order o1 adding the FAOD, the POD, and the color-developing substrate also is not partic- 
ularly limited. 

[0063] Thus, by contacting a sample with a tetrazolium compound, not only the influence of low molecular weight 
reducing substances such as GSH, AsA. dithiothreitol, cysteine, N-acetyl-cysteine, and the like, but also the influence 
of, for example, proteins or reducing substances having molecular weights in the above-mentioned range can be avoid- 
ed. 

[0064] Furthermore, in the pretreatment step with the tetrazolium compound in the method of the present invention, 
for example, an oxidizing agent other than the tetrazolium compound also may be used in combination. As such an 
oxidizing agent, for example, a halogen oxide such as sodium iodoacetate, iodic acid, periodic acid, or the like, or 
EDTA-Fe, ascorbic acid oxidase, bilirubin oxidase, or the like can be used. The amount of such an oxidizing agent 
added is, for example, in the range of 0.001 to 0.1 mg per l nl of the sample. 

[0065] In the method of the present invention, the analyle is not particularly limited, as long as a redox reaction is 
utilized. Examples of the analyte other than the above-mentioned glycated proteins include glycated peptides, glycated 
amino acids, glucose, cholesterol, uric acid, creatinine, sarcosine, glycerol, and the like, as mentioned above. 
[0066] When the quantity of each of the above-mentioned examples of the analyte is measured by forming hydrogen 
peroxide, the hydrogen peroxide is formed, for example by action of: a glucose oxidase on the glucose; a cholesterol 
oxidase on the cholesterol; an uricase on the uric acid; a sarcosine oxidase on the creatinine; a sarcosine oxidase on 
the sarcosine; or a glycerol oxidase on the glycerol; respectively. The quantity of the hydrogen peroxide can be meas- 
ured in the same way as above. Moreover, glycated peptides and glycated amino acids can be measured, for example, 
in the same way as in the measurement of the glycated proteins above. 

[0067] Furthermore, after the treatment of the reducing substances in a sample with the tetrazolium compound, when 
the quantity of the analyle is detennined by forming a reducing substance derived from the analyte. measuring the 
quantity of the reducing substance by a redox reaction, and determining the quantity of the analyte from the quantity 
of the reducing substance, the measurement can be carried out, for example, as follows: 

[0068] When the anaiyte is glucose, for example, a reducing substance such as NADH or NADPH is formed using 
glucose dehydrogenase in the presence of NAD. NADR or the like. Then, the NADH or NADPH as a reducing substance 
derived from the analyte is measured by.a redox reaction, using, for example, diaphorase and a substrate that develops 
color by reduction. Then, as mentioned above, the quantity of the analyte in the sample can be determined, for example, 
using the concentration of the reducing substance derived from the analyte and a calibration curve or the like. Further- 
more, for example, cholesterol dehydrogenase can be used when the analyte is cholesterol, and sarcosine dehydro- 
genase can be used when the analyte is sarcosine. 

[0069] As the substrate that develops color by reduction, although not particularly limited, for example, a color-de- 
veloping tetrazolium compound added to eliminate the influences of the reducing substances in the sample may be 
employed. Furthermore, a different type of a color-developing tetrazolium compound other than the one used in the 
pretreatment of the sample also may be employed depending on each wavelength of the measurement. Other than 
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the above-mentioned color-developing tetrazolium compounds, for example, 2,6-dlchlorophenolindophenol and the 
like also can be employed. l\4oreover, in order to obtain measured values with more excellent reliability, for example, 
it is preferable to measure an absorbance in advance before measuring the reducing substance derived from the 
analyte. 

s [0070] Moreover, VArhen a sample is thus treated with the tetrazolium compound, not only the influence ot the above- 
mentioned low molecular weight reducing substances, but also the influence ot the above-mentioned high molecular 
weight reducing substances such as proteins can be avoided. Therefore, when there is an influence of a reducing 
substance having a rrralecular weight of at least 1 0,000 or a reducing substance as a protein, the method can be applied 
not only to the whole blood sample, but also to the above-mentioned various kinds of samples. Moreover, when a 

10 sample other than whole blood is used, the measurement can be carried out in the same manner using the same 
reagents, except that the sample is different. 

[0071] In the following, the present invention is described with reference to the folk>wing examples and comparative 
examples. 

'5 Example 1. Comparative Example 1 

[0072] In Example 1 , a sample was pretreated with a tetrazolium compound so as to eliminate the influence of any 
reducing substance in the sample. The following shows the reagents and methods used in Example 1 . 

20 Surfactant solution 

[0073] Polyoxyethylene(10)-p-t-octylphenyl ether (hereinafter referred to as Triton X-100) was mixed with purified 
water so that its concentration became 0. 1 % by volume. 

25 WST-3 solution 

[0074] 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disutfophenyl]-2H-tetrazolium, monosodium salt (WST-3, pro- 
duced by DOJINDO LABORATORIES) was dissolved in purified water so that its concentration became 1 mmol/liter. 

30 Fructosyl valine solution 

[0075] Fructosyl valine (hereinafter referred to as FV) was produced in accordance with the method disclosed in 
Publication of Unexamined Japanese Patent Application No. Hei 2-69644 (hereinafter the same). The FV was added 
to 0.5 mol/liter Tris-HCI buffer (pH 8.0) so that its concentration became 50 jimol/iiter. 

35 

Redoxreaction solution A 



[0076] 



40 


FAOD (produced by Asahi Chemical Industry Co., Ltd.; hereinafter the same) 


28.6 KU/liter 






POD (produced by TOYDBO CO., LTD; hereinafter the same) 


14.3 KU/liter 






DA-64 (produced by V\teko Pure Chemical Industries, LTD.; hereinafter the same) 


28.6 lamol/liter 






Distilled water 


remaining portion 





[0077] Whole blood from a healthy adult was subjected to centrifugation (1630 G, for 10 minutes) so as to collect 
blood cells. Then, the blood cells were diluted 20-fold (by volume) with the Triton X-100 solution, and hemolyzed to 
prepare a hemolyzed sample. 

[0078] 50 |il of 0.5 mol/liter CHES buffer (pH 9.0) was added to 50 ^1 of the sample, and then 100 \i\ of the WST-3 
solution was added thereto and stirred. Thereafter, it was treated at 37 °C for 10 minutes. After this treatment, 400 |i.l 
of the FV solution was added to the sample, and then 1 ,400 [il of the redox solution A was added thereto so as to start 
a reaction. Then, absorbance of the reaction solution was measured at 726 nm. 

[0079] As a control, measurement was carried out in the same manner as in the above except that distilled water 
was used in place of the hemolyzed sample. As Comparative Example 1 , the same measurement as in Example 1 
was carried out except that distilled water was used in place of the WST-3 solution. 

[0080] Then, the measured values were substituted in an equation (1 ) below, and a relative value (%) was determined 
by setting the absorbance of the control as 100 %. These results are shown in Table 1 below. 
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RQlativG value (%) = (X^ - Xq/Y^ - V^) x 100 



(Eq. 1) 



absorbance atter 5 minutes 
Xq: absorbance at the start of the reaction 
Y-,: absorbance alter 5 minutes in control 
Yq: absorbance at the start of the reaction in control 







Relative value (%) 




Example 1 


B3. 




Comparative Example 1 


34 


15 


Control 


100 



[0081 ] Thus, by treating a hemolyzed sample of blood cells with a tetrazolium compound, the influence of the reducing 
substance in the sample was eliminated, so that reliability of the measurement was improved. 

20 Comparative Examples 2 and 3 

[0082] According to the same procedures as in Example 1 , blood cells were collected, and diluted 5-fold (by volume) 
With 1 .0 volume % Triton X-100 solution, and then hemolyzed to prepare a hemolyzed sample. 150 ^1 of 1 .0 mol/liter 
sodium iodoacetate solution (produced by Aldorich; hereinafter the same) was added to 50 ^1 of the hemolyzed sample 
and stirred, and then treated at 37 "C for 10 minutes. After the treatment, 400 [i\ of the FV solution was added to the 
sample, and then 1,400 jil of the redox solution A was added thereto so as to start a reaction. Then, the absorbance 
of the reaction solution was measured in the same way as in Example 1 , and a relative value (%) to a control was 
determined. This measurement was determined as Comparative Example 2. Moreover, as the control, the same meas- 
urement as in the above was carried out except that distilled water was used in place of the hemolyzed sample. 
30 [0083] In Comparative Example 3, measurement was carried out according to the same procedures as in Example 
1 except that distilled water was used in place of flie sodium iodoacetate solution. These results are shown in Table 2 
below. 

Table 2 





Relative value (%) 


Comparative Example 2 
Comparative Example 3 
Control 


37 
35 
100 



[0084] As shown in Table 2 above, it was confirmed that the influence of the reducing substance in the hemolyzed 
sample cannot be avoided with sodium iodoacetate, which has been conventionally used as an oxidizing agent. 

Comparative Example 4 

[0085] In this comparative example, a hemolyzed sample of erythrocytes was subjected to molecular weight frac- 
tionation, and then treated with sodium iodoacetate. 

[0086] 10 ml of blood from a healthy adult to which heparin was added was subjected to centrifugation (1 630 G, for 
10 minutes), and the plasma layer and leukocytes layer were removed with a pipette. To the erythrocytes layer obtained, 
physiological saline was added, and mixed slowly so that the erythrocytes are not hemolyzed. Then, it was subjected 
to centrifugation in the same way as in the above, and the supernatant was removed. This series of washing operations 
was repeated three times. Then, an equal amount (by volume) of distilled water was added to the erythrocytes obtained, 
so as to hemolyze the erythrocytes completely. Thereafter, it was subjected to centrifugation (4530 G, for 10 minutes) 
again, and membrane components were removed. The solution thus obtained was determined as Sample 1. 
[0087] Next, Sample 1 was ultrafiltered by centrifugation (1630 G, for 4 hours) using CENTRIPREP 30 (produced 
by Millipore Corporation), A fraction of molecular weight of not less than 30,000 remained in the CENTRIPREP 30 was 
determined as Sample 2. The filtered solution was determined as Sample 3. 
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[0088] Next, Sample 3 was further ultrafiltered by centrifugation (1630 G, for 2 hours) using CENTRIPREP 10 (pro- 
duced by Millipore Corporation). A traction of molecular weight of not less than 10,000 but less than 30,000 remained 
in the CENTRIPREP 10 was determined as Sample 4. The filtered solution was determined as Sample 5. 
[0089] Each of the above-mentioned samples was diluted with distilled water to prepare a diluted solution, and 400 

s fit of the FV solution was added to 200 \il of the diluted solution. Then, 1 ,400 \i\ of the redox reaction solution A was 
added thereto so as to start a reaction. Then, absorbance was measured in the same way as in Example 1 , and a 
relative value (%) to a control was determined. Moreover, Samples 1 and 2 were diluted 60-fold, and Samples 3 to 5 
were diluted 10-fold with distilled water As a control, measurement was carried out in the same manner as in the above 
except that distilled w/ater was used in place of the hemolyzed sample. 

10 [0090] Furthermore, 150 jil of the sodium iodoacetate solution was added to 50 jil of the diluted solution of each 
sample and stirred, and thereafter treated at 37 "C for 10 minutes. Then, 400 ^1 of the FV solution was added to the 
treated sample, and thereafter 1 ,400 ii\ of the redox reaction solution A was added thereto so as to start a reaction. 
Absorbance was measured in the same way as in Example 1 above, and a relative value (%) to a control was deter- 
mined. These results are shown in Table 3 below. 

1S 



Table 3 





Relative value (%) 


Sample 1 




0 


Sample 2 




7 


Sample 3 




93 


Sample 4 




100 


Sample 5 




93 


Sample 1 


-1- sodium iodoacetate 


0 


Sample 2 


+ sodium iodoacetate 


8 


Seunple 3 


sodium iodoacetate 


98 


Sample 4 


+ sodium iodoacetate 


.100 


Sample 5 


+ sodium iodoacetate 


9B 


Control 




100 



[0091] As shown in Table 3 above, the analytes in Sample 1 (not fractionated) and Sample 2 (the fraction of molecular 
weight of at least 30,000) were hardly measured. Also, these samples were hardly measured when treated with sodium 
iodoacetate. Accordingly, it was found that the influence of a reducing substance with a molecular weight of at least 
35 10,000, particularly at least 30,000, was hardly avoided with sodium iodoacetate. 

Example 2, Comparative Example 5 

[0092] In Example 2, a blood sample was treated with various types of tetrazolium compounds so as to eliminate 
40 the influence of amy reducing substance in the sample. The following shows the niames and structures of the tetrazolium 
compounds-used. ___ 

(1 ) Tetrazolium compounds having cyclic substituted groups with benzene rings at three positions of their tetrazole 
rings. 

4S 

(l-l)WST-l 



50 



55 
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S03 S03- 

WST-1 



(7) 



2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disuifophenyl)-2H-tetrazolium, monosodium salt 
(1-2) WST-3 



SOg" SOg" 

WST-3 



(8) 



2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra2olium, monosodium salt 
(1-3) WST-B 




WST-8 



2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetra2olium, monosodium salt 
(1-4) INT 
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Jcr (10) 



INT 



2-(4-iodophenyl)-3-(4-nitrophBnyl)-5-phenyl-2H-tetrazolium chloride 
(1-5) Neo-TB 



C-N,. ,N-C 



2cr (11) 



Neo-TB 



3,3*-(1,1'-biphBnyl-4,4'-diyl)-bis(2,5-diphenyl)-2H-tetra2olium chloride 
(1-6) NTB 



CH3O 
C-N 



P 



O 0 



NOj O2N 
NTB 



Jacr (12) 



3.3'-[3,3'-dimethoxy-(1 J'-biphenyl)-4,4'-diyl]-bis[2-(4-nitrophenyl)-5-phenyl-2H-tetrazoliunrichtoride] 
(1-7) B329 
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B329 

2,3-diphenyl-5-(4-ch)orophenyl)tetrazolium chloride 
(1-B)D0883 




L Jci 
00883 

2,5-diphenyl-3-(p-cliphenyl)tBtrazolium chloride 
(1-9)00884 




D0884 



2,3-diphenyl-5-(p-diphenyl)tetrazollum chloride 
(1-10) D0915 



13 



Best Available Copy 

EP 1002 874 A2 



D0915 

2,5-diphenyl-3-(4-styrylphenyl)tetra20lium chloride 
(1-11)7324 



T324 



2,5-diphenyl-3-(m-tolyl)tetrazolium chloride 
(1-12) T326 



(16) 



(17) 



(18) 



2,5-diphenyl-3-(p-tolyl)tetrazollum chloride 



(2) Tetrazolium compounds having cyclic substituted groups with benzene rings at two positions of their tetrazole 
rings and a cyclic substituted group other than having a benzene ring at one position thereof. 
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(19) 



B0325 

2,3-diphenyl-5-(2-thienyl)tetrazolium chloride 
(2-2) WST-4 



SO3" 



WST-4 




(20) 



2-benzthiazoyl-3-(4-carboxy-2-methoxyphenyl)-5-[4-(2-sulfpethyl carbamoyl)phenyl]-2H-tetrazolium 
(2-3} WST-5 



pCHa 



WST-5 



(21) 



2,2'-dibenzthiazolyl-5,5'-bis[4-di(2-sulfoethyl)carbamoylphenyl]-3,3'-(3,3'-dimethoxy-4,4'-biphenylene) 
ditetrazolium, dispdium salt 



15 
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(22) 



MTT 



3-(4,5-dimethyl-2-thiazoyt)-2,5-diphenyl-2H-tetrazoIium chloride 



(3) Tetrazolium compounds having cyclic substituted groups with benzene rings at two positions of their tetrazole 
rings and a non-cyclic substituted group at one position thereof. 



CN 

B0293 

2,3-diphenyl-5-cyanotetrazolium chloride 



(23) 



COOH 



B295 



(24) 
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2,3-dipheny l-5-carboxytetrazoli um ch loride 
(3-3)B313 



B313 

2,3-diphenyl-5-methyltetrazolium chloride 
(3-4) B319 



(25) 



(26) 



C2N5 

B319 

2,3-diphenyl-5-ethyltetrazolium chloride 

[0093] Moreover, WST-1, WST-3, WST-8, WST-4, WST-5, INT, MTT, NTB, and Neo-TB are products 0I DOJINDO 
LABORATORIES, and others are products of TOKYO KASEI KOGYO CO., LTD. 

FV solution 

[0094] FV was added to 0.145 mol/liler KPB (pH 7.0) so that its concentration became 10 ptmol/liter. 

Redox reaction solution B 

[0095] 



FAOD 


73 KU/liter 


POD 


219 KU/liter 


DA-64 


146 (imol/liter 


Distilled Water 


remaining portion 



[0096] To 25 lal of 1 .0 mol/liter CAPSO buffer (pH 1 0.0), 41 .3 ^) of the 1 0 volume % Triton X-1 00 solution and 1 .65 
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M-l of whole blood from a healthy adult were added, and It was quantified to 250 \i\ with distilled water. Then, It was 
further diluted 3-fold (by volume) with purified water so as to prepare a hemolyzed sample. 

[0097] 150 ^1 of each tetrazolium compound solution was added to 250 \i\ of the hemolyzed sample and stirred, and 
then treated at 37 "C lor 60 minutes. Then, 55 \i\ of the FV solution was added to 25 of the sample, and thereafter 
15 {xl of the redox reaction solution B was added thereto so as to start a reaction. Then, absorbance was measured in 
the same way as in Example 1 , and a relative value (%) to a control was detemnined. Moreover, the concentration of 
the tetrazolium compound solution was 0.5 mmol/liter for WST-5 and 5 mmol/irter for other solutions. 
[0098] As the control, measurement was carried out in the same way as in the above except that distilled water was 
used in place of the hemolyzed sample. As Comparative Example 5, measurement was carried out according to the 
same procedures as in Example 2 except that distilled water was used in place of the tetrazolium compound solution. 
These results are shown in Table 4 below. 



Table 4 



Tetrazolium compound 


Relative value (%) 


1-1 


go 


1-2 


94 


1-3 


89 


1-4 


90 


1-5 


88 


1-6 


94 


1-7 


94 


1-B 


91 


1-9 
1-10 


93 
91 


1-11 


91 


1-12 


74 


2-1 


81 


2-2 


42 


2-3 


44 


2-4 


47 


3-1 


76 


3-2 


74 


3-3 


74 


3-4 


68 


Comparative Example 5 


35 


Control 


100 



[0099] — ^As shown-in-Table-4-aboverreliability of the measured values'was improved by treating the hemolyzed sample- 
with each tetrazolium compound, particularly when the tetrazolium compounds (1 -1 ) to (1 -1 2) having cyclic substituted 
groups with benzene rings at three positions of their tetrazole rings were used. 

Example 3 

[0100] In Example 3, WST-3, WST-1 , WST-8, and INT were used as the tetrazolium compound so as to vary the pH 
during the treatment. The following shows buffers used in this example. 

Buffer Solutions 

[0101] 

1 .0 mol/lrter CHES buffer (pH 9.0) 
1 .0 mol/liter CAPSO buffer (pH 10.0) 
1 .0 mol/liter CAPS buffer (pH 11.0) 



[01 02] Except that each of the above different buffers were used, treatment was performed using each of the above- 
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mentioned tetrazolium compounds according to the same procedures as in Example 2, and absorbance was measured. 
Moreover, relative values were determined by setting the absorbance of WST-3 at pH 10.0 as 100 %. The results 
showed that the relative values were 100 % when each of the above-mentioned buffers (pH 9, 10, 11) was used for 
each tetrazolium compound, and no influence by the pH was observed. 

5 

Example 4, Comparative Example 6 

[0103] In Example 4, treatment was carried out using WST-3 white setting the final diluting factor of a whole blood 
sample in the reaction solution to about 100-fold. 
JO [0104] Except that 33 \l\ of whole blood obtained from a healthy adult and 50 jo.) of 1 .0 mol/liter CAPSO buffer (pH 
10) were used, hemolysis was carried out in the same manner as in Example 2. The sample was quantified to 250|j.l 
by adding 125.7 ^si of distilled water. Then, it was diluted 3-fold (by volume) with purified water so as to prepare a 
hemolyzed sample. 

[01 05] 1 5 [il of 5 mnnol/liter WST-3 solution was added to 25 ^l of the hemolyzed sample and stirred, and then treated 
IS at 37 "C for 5 minutes. Then, 55 jil of 6 jimol/liter FV solution was added to the sample. Thereafter, 1 5 |a.l of the redox 
reaction solution B was added thereto so as to start a reaction. Then, absorbance was measured in the same way as 
in Example 1, and a relative value (%) to a control was determined. As the control, measurement was carried out in 
the same manner as the above except that distilled water was used in place of the hemolyzed sample. As Comparative 
Example 6, measurement was performed in the same way as the above except that distilled water was used in place 
20 of the WST-3 soiuticffi. These results are shown in Table 5 below. 



Table 5 





Relative value (%) 


Example 4 

Comparative Example 6 
Control 


80 
0 
100 



[0106] In Example 4, even when the concentration of the reducing substance in the reaction solution was increased 
by lowering the final diluting factor of the whole blood sample, the influence of the reducing substance was eliminated 
as indicated in Table 5, and the measured values obtained had excellent reliability On the other hand, in Comparative 
Example 6 in which the sample was not treated with WST-3, a slight color was developed immediately after the start 
of the reaction, but shortly thereafter the color was degraded, and it was completely faded after 5 minutes. Therefore, 
absorbance could not be measured, so that the relative value was 0 % as shown in Table 5 above. 



Claims 

1. A method of measuring an analyle in a sample using a redox reaction, comprising: 

40 

adding a tetrazolium compound to a sample prior to the redox reaction so as to eliminate the influence of any 
reducing substance contained in the sample; then 

forming a reducing substance or an oxidizing substance derived from the analyte; 

measuring the quantity of the formed substance derived from the analyte by the redox reaction; and 

determining the quantity of the analyte from the quantity of the formed substance derived from the analyte. 

2. The method according to claim 1 , wherein the tetrazolium compound has cyclic substituted groups in at least two 
positions of its tetrazole ring. 

50 3. The method according to claim 2, wherein at least two of the cyclic substituted groups have benzene rings. 

4. The method according to claim 1 , wherein the tetrazolium compound has cyclic substituted groups in at least three 
positions of its tetrazole ring, and at least two of the cyclic substituted groups have benzene rings. 

ss 5. The method according to any of claims 2 to 4, wherein at least one of the cyclic substituted groups has an electron 
attractive functional group. 
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6. The method according to claim 5, wherein the electron attractive functional group is at least one functional group 
selected from the group consisting of halogen atoms and ether, ester, carboxyl. acyl, nitroso, nitro, hydroxyl, and 
sulfo groups. 

5 7. The method according to claim 1 , wherein the tetrazolium compound has benzene rings at positions 2 and 3 of its 
tetrazole ring, and at least one of the benzene rings has at least one functional group selected from the group 
consisting of halogen atoms and carboxyl, nitro. hydroxyl, sulfo, methoxy, and ethoxy groups. 

8. The method according to claim 1 , wherein the tetrazolium compound is at least one compound selected from the 
10 group consisting of 2-(4-iodophenyl)-3-(4-nitroph©nyl)-5-(2,4-disulfophenyl)-2H-tetrazolium salt, 2-{4-iodophenyl)- 

3-(2,4-dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium salt, 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5- 
(2,4-disulfophenyl)-2H-tetrazolium sail, 2-(4-iodopheny!)-3-(4-nitrophenyl)-5-phenyl-2H-tetrazolium salt, 3,3'- 
(1 ,1 '-biphenyl-4,4'-diyl)-bis(2,5-diphenyl)-2H-tetrazolium salt, 3,3'-[3,3'-dimethoxy-(1 ,1 ■-biphenyl)-4,4'-diyl]-bis[2- 
(4-nitropenyl)-5-phenyl-2H-tetrazolium salt], 2,3-diphenyl-5-(4-chlorophenyl)tetrazolium salt, 2,5-diphenyl-3-(p- 
15 diphenyl)tetrazolium salt, 2,3-diphenyl-5-(p-diphenyl)tetrazolium salt, 2,5-diphenyl-3-(4-styrylphenyl)tetrazolium 

salt, 2,5-diphenyl-3-(m-totyl)tetrazolium salt, and 2,5-diphenyl-3-(p-tolyl)tetrazolium salt. 

9. The method according to claim 1 . wherein the tetrazolium compound is 2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5- 
(2,4-disulfophenyl)-2H-tetrazolium salt. 

20 

1 0. The method according to any of claims 1 to 4, wherein the tetrazolium compound is added so that its concentration 
falls in a range of 0.001 to 1 00 (xmol per 1 \^\ of the sample. 

11. The method according to any of claims 1 to 4, wherein the sample is whole blood, and the tetrazolium compound 
25 Is added so that its concentration falls in a range of 0.001 to 10 ^imol per 1 \i\ of the whole blood. 

12. The method according to claim 9, wherein the sample Is whole blood, and 2-(4-iodophenyl)-3-(2.4-dinitrophenyl)- 
5-(2.4-disulfophenyl)-2H-tetrazolium salt is added so that its concentration falls in a range of 0.001 to 0.4|imol per 
1 |il of the whole blood. 

30 

13. The method according to any of claims 1 to 4, wherein the oxidizing substance derived from the analyte is hydrogen 
peroxide, and the quantity of the hydrogen peroxide is measured by the redox reaction. 

14. The method according to claim 1 3, wherein the quantity of the hydrogen peroxide is measured using a peroxidase 
35 and a substrate that develops color by oxidation. 

15. The method according to claim 14, wherein the substrate is N-(carboxymethylaminocarboriyl}-4,4'-bls(dimethyl- 
amino)diphenylamine sodium. 

40 16. The method according to any of claims 1 to 4. wherein the analyte is a component in erythrocytes. 

17. The method according to claim 13, wherein the analyte is a glycated protein in erythrocytes, and the hydrogen 
peroxide is formed by decomposing a sugar portion of the glycated protein by oxidation with fructosyl amino acid 
oxidase. 

45 

18. The method according to any of claims 1 to 4, wherein a molecular weight of the reducing substance in the sample 
is at least 1 0,000. 

19. The method according to any of claims 1 to 4, wherein the reducing substance in the sample is a protein. 

so 

20. The method according to any of claims 1 to 4, wherein the reducing substance in the sample is hemoglobin. 
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(57) A highly reliable method of measuring an ana- 
lyte in a sample using a redox reaction. In this method, 
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the redox reaction so as to eliminate the influence of any 
reducing substance in the sample, then a reducing sub- 
stance or an oxidizing substance derived from the ana- 
lyte is formed, the quantity of the formed substance de- 



rived from the analyte Is measured by the redox reac- 
tion, and the quantity of the analyte is determined from 
the quantity of the formed substance derived from the 
analyte. As the tetrazolium compound, for example, 
2-(4-iodophenyl)-3-(2,4-dinitrophenyl)-5-(2,4-disul- 
fophenyl)-2H-tetra2olium salt can be used. 



CO 
< 

00 
CM 

o 
o 



Q. 
LU 



id by Jouve, 75001 PARIS (FR) 



:iD: <EP ia02B74A3 I > 



Best Available Copy 



EP 1 002 874 A3 



3 



EUROPEAN SEARCH REPORT 



EP 99 30 9102 



DOCUMENTS CONSIDERED TO BE RELEVANT 



APPLICATIOW <ltrt.a.7> 



EP 0 239 931 A (BOEHRINGER MANNHEIM GNBH) 
7 October 1987 (1987-10-07) 
=«> page 4, paragraph T12 

EP 0 698 413 A (NIHON MEDIPHYSICS CO LTD) 
28 February 1996 (1996-02-28) 

* page 4, line 29 - line 32 ♦ 

* examples 2,7 * 

WO 90 12113 A (EN2YMATICS INC) 
18 October 1990 (1990-10-18) 

* the whole document * 

EP 0 463 171 A (lATRON LAB) 
2 January 1992 (1992-01-02) 

* the whole document * 



1-8, 
10-20 



C 1201/28 
S01N33/72 



C12Q 
GOIN 



Th9 prasent search report has bam drsMn up for all claims 



29 April 2002 



CATEQORy OF CITED DOCUMENTS 



T ; theory or principle underlying the Invemo 
E : earfler patsnt document, but published or 



O : non-written disclosure 



L : document cited for other re 
& : member of the at 



« patent famtty, corresponding 



2 



ISDC3CIO: <EP 1002e74A3 I > 



EP 1 002 874 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

OK EUROPEAN PATENT APPUCATION NO. EP 99 30 9102 



This annex lists the patsnl family members retaUng to lha patent documents cited In the above-mentioned European seaich repoit. 
The members axe as contained in the European Patent Office EOP Oe on 

The European Patent Office Is In no way labie for these particulars which are merely given for Ihe purpose of information. 

29-04-2002 



EP 0239931 


A 


07-10-1987 


DE 


3611227 Al 


08-10-1987 








AT 




1 K— nd— 1 0Q9 
13 Uh ISSfc 








DE 


3777429 Dl 


23-04-1992 








EP 


0239931 A2 


07-10-1987 








JP 


1757647 C 


20-05-1993 








JP 


4045510 B 


27-07-1992 








JP 


62249979 A 


30-10-1987 








US 


5013647 A 


07-05-1991 








US 


5196314 A 


23-03-1993 


EP 0698413 


A 


28-02-1996 


AU 


689614 B2 


02-04-1998 








AU 


3025495 A 


07-03-1996 








CA 


2156226 Al 


25-02-1996 








OE 


69523693 Dl 


13-12-2001 








EP 


0698413 A2 


28-02-1996 








JP 


8114539 A 


07-05-1996 








US 


5681529 A 


28-10-1997 


UO 9012113 


A 


18-10-1990 


AU 


5527090 A 


05-11-1990 








CA 


' 2051119 Al 


14-10-1990 








EP 


0467978 Al 


29-01-1992 








JP 


4504504 T 


13-08-1992 








WO 


9012113 Al 


18-10-1990 


EP 0463171 


A 


02-01-1992 


JP 


2796150 B2 


10-09-1998 








JP 


3189561 A 


19-08-1991 








DE 


69026611 Dl 


23-05-1996 








DE 


69026611 T2 


14-08-1996 








EP 


0463171 Al 


02-01-1992 








US 


5312759 A 


17-05-1994 








AU 


638524 B2 


01-07-1993 








AU 


6906791 A 


18-07-1991 








CA 


2045665 Al 


21-06-1991 








WO 


9109314 Al 


27-06-1991 



i 

i ^ : 

§ For more details about tMs annex : see OfndalJoumal of the European Patent Office, No. 12/82 



SDOCID: <eP 1002874A3_I_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 

D BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

H) LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



